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CLAIMS 

A method for forming a multilayer optical article comprising: 
grasping an outer surface of a first substrate with a first holder, 
lereby the outer surface of the first substrate is held to an inner surface of the 
fiijpt holder; 

grasping an outer surface of a second substrate with a second holder, 
wriereby the outer siu-face of the second substrate is held to an inner surface of the 
se4ond holder; 

arranging the inner surfaces of the first and second holders to face one 
anojfher in a selected angular relationship; 

inserting an optical article between the first and second substrate, 
wheiWin a first layer of adherent is between a first surface of the optical article and 
the imier surface of the first substrate, and a second layer of adherent is between a 
secon^ surface of the optical article and the inner surface of the second substrate; 

moving the first and second holders toward each other such that the 
inner sdrfaces of the first and second substrates contact the first and second layer 
of adherfent with the optical article in between the first and second layer of 
adherent;! and 

at least partially curing the adherent while the inner surfaces of the first 
and seconq holders are in the selected angular relationship to form a multilayer 
article encasing the optical article, wherein after removal of the first and second 
holder, the at least partially cured adherent maintains the multilayer article 
containing thje optical article in the posture at which the multilayer article was 
held by the fiftst and second holders. 
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2. The method of claim 1, wherein said step of inserting an optical article 
\ between the first and second substrate comprises: 

1 disposing an adherent on the inner surface of the first substrate or the 

inner surface of the second substrate; 
5 I inserting a previously formed optical article on the adherent; and 

I disposing an adherent on the surface of the previously formed optical 

article. 

3. 1 The method of claim 2, wherein said step of disposing an adherent 
1 comprises drawing in via capillary action an adherent. 

10 4. I The method of claim 2, wherein said step of disposing an adherent 

\ comprises injecting, extruding, pouring, pipetting, roll coating, blade 
Icoating, or spraying an adherent. 

5. iThe method of claim 2, wherein the step of disposing an adherent on the 
mner surface of the first substrate or the inner surface of the second 

15 substrate comprises dispensing the adherent through a hole in the first or 

s^ond substrate via a corresponding hole in the first or second holder. 

6. The method of claim 1 , wherein the outer surface of a substrate is held to 
an inner surface of a holder using a vacuum force. 

7. The method of claim 1, wherein the outer surface of a substrate is held to 
20 an inner surface of a holder using an electromagnetic force. 

8. The method of claim 1, wherein the holders are transparent plates. 

9. The me|thod of claim 1, wherein the holders have at least one vacuum 
groove rherein for applying a vacuum force to a substrate. 

10. The method of claim 1, wherein the holders have at least one hole for 
25 dispensing an adherent through the holder. 
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The method of claim 1, wherein the substrates are made from glass, 
siHcon, polycarbonate, polymethylmethacrylate, acrylic, or any 
combination thereof. 

The method of claim 1, wherein the substrates have at least one hole for 
dispensing an adherent through the substrate. 

The method of claim 1, wherein the geometric form of the substrates may 
be square, rectangular, circular, or oval. 

The method of claim 1, wherein the substrates are about 25 micrometers to 
about 3 millimeters in thickness. 

The method of claim 1, wherein the outer surface of the first or second 
substrates contain surface relief patterns. 

The method of claim 1, wherein the inner surface of the first or second 
substrate contain a surface relief pattern or a diffractive grating. 

method of claim 1, wherein the first or second substrate is an optical 
icle. 

[he method of claim 17, wherein the optical article is a polarizer, half 
ve plate, quarter wave plate, or neutral density filter. 
Th^ method of claim 1, further comprising the step of cleaning the inner or 
outer surface of the first or second substrate before grasping by the first or 
second holder. 

The method of claim 19, wherein the step of cleaning comprises: 
applying a cleaning solvent to the surface of the substrate; and 
evaporating the solvent by spinning the substrate. 
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2 1 The method of claim 1 , wherein the multilayer article encasing the optical 
article has an average surface flatness of about 0.05 waves/cm to about 1 
wave/cm at wavelengths of about 300 nanometers to 1600 nanometers. 
The method of claim 1, wherein the multilayer article encasing the optical 
article has an average transmission flatness of about 0.05 waves/cm to 
about 1 wave/cm at wavelengths of about 300 nanometers to 1600 
nanometers. 

The method of claim 1, wherein the adherent is cured utilizing thermal or 
radiation energy. 

The method of claim 23, further comprising the use of heat to accelerate 
|Curing of the radiation energy. 
25. iThe method of claim 1, wherein the inserted optical article is a polarizer, 
irefringent plate, diffractive optic, neutral density filter, half wave plate, 
or quarter wave plate. 

Tae method of claim 9, wherein the multilayer article is released from the 
holders by injecting a gas into the holder vacuum grooves. 
The method of claim 1 , wherein the selected angular relationship is a 
parallel relationship. 

28. The qiethod of claim 1 , wherein the multilayer article has a Strehl value of 
20 0.9 origreater. 

29. The method of claim 1, wherein during the curing step either the first or 
second\holder is allowed to move along a z-axis. 

30. A method for forming a multilayer optical article comprising: 
grasping an outer surface of a substrate with a first holder, whereby the 

25 outer surface oflthe substrate is held to an inner surface of the first holder; 



15 26 



27. 



sf-1 126157 



41 



1 arranging the inner surfaces of a second holder and the first holder to face 
onelanother in a selected angular relationship; 

\ inserting an optical article between the substrate and the second holder, 
wherein a first layer of adherent is between a first surface of the optical article and 
5 the inner surface of the substrate, and a second layer of adherent is between a 
second surface of the optical article and the inner surface of the second holder; 

moving the first and second holders toward each other such that the inner 
surfaces pf the substrate and second holder contact the first and second layer of 
adherent with the optical article in between the first and second layer of adherent; 
10 and \ 

at least partially curing the adherent while the inner surfaces of the first 
and second holders are in the selected angular relationship to form a multilayer 
article encasing the optical article, wherein after removal of the first and second 
holder, the atUeast partially cured adherent maintains the multilayer article 
1 5 containing the! optical article in the posture at which the multilayer article was 
held by the first and second holders. 

31. The method of claim 30, wherein said step of inserting an optical article 
betweeiiH the substrate and second holder comprises: 

disposing an adherent on the inner surface of the substrate; 
20 inserting an optical article on the adherent; and 

disposing an adherent on the surface of the previously formed optical 
article. \ 

32. The method of claim 31, wherein said step of disposing an adherent 
comprises <irawing in via capillary action an adherent. 
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The method of claim 31, wherein said step of disposing an adherent 
comprises injecting, extruding, pouring, pipetting, roll coating, blade 
coating, or spraying an adherent. 

The method of claim 31, wherein the step of disposing an adherent on the 
inner surface of the substrate comprises dispensing the adherent through a 
hole in the substrate via a corresponding hole in the first or second holder. 

1 The method of claim 30, wherein the outer surface of the substrate is held 

Ito an inner surface of a holder using a vacuum force. 
iThe method of claim 30, wherein the outer surface of the substrate is held 
tip an inner surface of a holder using an electromagnetic force, 
luie method of claim 30, wherein the holders are transparent plates. 
The method of claim 30, wherein the holders have at least one vacuum 
grojpve therein for applying a vacuum force to the substrate. 
TheWiethod of claim 30, wherein the holders have at least one hole for 
dispensing an adherent through the holder. 

The rr!|ethod of claim 30, wherein the substrate is made from glass, silicon, 
polycaroonate, polymethylmethacrylate, acrylic, or any combination 
thereof. \ 

The metnjpd of claim 30, wherein the substrate has at least one hole for 
dispensing an adherent through the substrate. 

The method of claim 30, wherein the geometric form of the substrate may 
be square, rectangular, circular, or oval. 

The method pf claim 30, wherein the substrate is about 25 micrometers to 
about 3 millimeters in thickness. 
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The method of claim 30, wherein the outer surface of the substrate 
contains surface relief patterns. 

The method of claim 30, wherein the inner surface of the substrate 
contains a surface relief pattern or a diflfractive grating. 
The method of claim 30, wherein the substrate is an optical article. 
The method of claim 46, wherein the optical article is a is a polarizer, 
neutral density filter, half wave plate, or quarter wave plate. 
The method of claim 30, further comprising the step of cleaning the inner 
or outer surface of the substrate before grasping by the first holder. 
The method of claim 48, wherein the step of cleaning comprises: 
applying a cleaning solvent to the surface of the substrate; and 
evaporating the solvent by spinning the substrate, 
he method of claim 30, wherein the multilayer article encasing the 
optical article has an average surface flatness of about 0.05 waves/cm to 
about 1 wave/cm at wavelengths of about 300 nanometers to 1600 
nanometers, 

method of claim 30, wherein the multilayer article encasing the 
optical article has an average transmission flatness of about 0.05 waves/cm 
to about 1 wave/cm at wavelengths of about 300 nanometers to 1600 
nanometers. 

The method of claim 30, wherein the adherent is cured utilizing thermal or 
radiation energy. 

The method of claim 52, further comprising the use of heat to accelerate 
curing of the radiation energy. 
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154. The method of claim 30, wherein the inserted optical article is a polarizer, 
I birefringent plate, or diffractive optic. 

yS. The method of claim 35, wherein the multilayer article is released from the 

\ holders by injecting a gas into the holder vacuum grooves. 
56A The method of claim 30, wherein the selected angular relationship is a 
\ parallel relationship. 

57. \ The method of claim 30, wherein the multilayer article has a Strehl value 

\ of 0.9 or greater. 

58. \The method of claim 30, wherein during the curing step either the first or 

second holder is allowed to move along a z-axis. 

59. Ai method for forming a muhilayer optical article comprising: 
disposing a first adherent on an inner surface of a first holder; 
inserting an optical article on the first adherent; 

disposing a second adherent on the surface of the previously formed 
optical article! 

movinathe first and second holders toward each other such that the second 
holder contacts me second adherent with the optical article in between the first 
and second layer ©f adherent; and 

at least partially curing the adherent while the inner surfaces of the first 
and second holders are in a selected angular relationship to form a multilayer 
article encasing the optical article, wherein after removal of the first and second 
holder, the at least pamally cured adherent maintains the multilayer article 
containing the optical article in the posture at which the multilayer article was 
held by the first and second holders. 
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66. The method of claim 59, wherein said step of disposing an adherent 

\ comprises drawing in via capillary action an adherent. 
61 A The method of claim 59, wherein said step of disposing an adherent 
\ comprises injecting, extruding, pouring, pipetting, roll coating, blade 
5 \ coating, or spraying an adherent. 

62. \ The method of claim 59, wherein the multilayer article encasing the 

\ optical article has an average surface flatness of about 0.05 waves/cm to 
labout 1 wave/cm at wavelengths of about 300 nanometers to 1600 
manometers. 

10 63. The method of claim 59, wherein the multilayer article encasing the 

opitical article has an average transmission flatness of about 0.05 waves/cm 
to about 1 wave/cm at wavelengths of about 300 nanometers to 1600 
nan&meters. 

64. The ftiethod of claim 59, wherein the adherent is cured utilizing thermal or 
1 5 radiation energy. 

65. The method of claim 64, further comprising the use of heat to accelerate 
curing oVthe radiation energy. 

66. The metHpd of claim 59, wherein the inserted optical article is a polarizer, 
birefnngent plate, or diffractive optic. 

20 67. The method of claim 59, wherein the selected angular relationship is a 
parallel relationship. 

68. The method 6f claim 59, wherein the multilayer article has a Strehl value 
of 0.9 or greater. 

69. The method of claim 59, wherein during the curing step either the first or 
25 second holderlis allowed to move along a z-axis. 
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70. \ A multilayer article comprising: 
a first substrate; 
a second substrate; 

article located between the first substrate and the second substrate; 
first layer of partially cured adherent, wherein the first layer of partially 
cured adherent is disposed between the first substrate and the article; and 

a second layer of partially cured adherent, wherein the second layer of 
partially cured adherent is disposed between the second substrate and the article. 

71. The multilayer article of claim 70, wherein the multilayer article has a 
surface flatness of about 0.05 waves/cm to about 1 wave/cm at 
wavelengths of about 300 nanometers to 1600 nanometers and a 
transmission flatness of about 0.05 waves/cm to about 1 wave/cm at 
wavelengths of about 300 nanometers to 1600 nanometers, wherein the 
force pxerted by the adherents on the first and second substrates maintains 
the surface and transmission flatness. 

72. The mmltilayer article of claim 70, wherein the substrates are made firom 
glass, silicon, polycarbonate, polymethylmethacrylate, acrylic, or any 
combination thereof. 



73. The mulxilayer article of claim 70, wherein the substrates have at least one 
20 hole for ( lispensing an adherent through the substrate. 

74. The multilayer article of claim 70, wherein the geometric form of the 
substrates] may be square, rectangular, circular, or oval. 

75. The multi ayer article of claim 70, wherein the substrates are about 25 
micrometers to about 3 millimeters in thickness. 
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76. I The multilayer article of claim 70, wherein the outer surface of the first or 
second substrates contain surface relief patterns. 

77. \ The multilayer article of claim 70, wherein the inner surface of the first or 
second substrate contain a surface relief pattern or a diffractive grating. 

78. \ The multilayer article of claim 70, wherein the first or second substrate is 
an optical article. 

79. iThe multilayer article of claim 70, wherein the article is a polarizer, half 
jwave plate, quarter wave plate, or neutral density filter, birefringent plate, 

)r diffractive optic. 

80. t'he multilayer article of claim 70, wherein the adherent is cured utilizing 
thermal or radiation energy. 

81 . THe multilayer article of claim 70, wherein the article has a Strehl value of 
0.91 or greater. 

82. A multilayer article comprising: 



a supstrate; 
an airticle; 

a first layer of at least partially cured adherent, wherein the first layer of 
adherent is disposed between the substrate and a first surface of the article; 

a second layer of at least partially cured adherent, wherein the second 
layer of adhe ent is disposed on a second surface of the article. 
83. The rr ethod of claim 82, wherein the multilayer article has a surface 

flatness of about 0.05 waves/cm to about 1 wave/cm at wavelengths of 
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about 300 nanometers to 1600 nanometers and a transmission flatness of 
about 0.05 waves/cm to about 1 wave/cm at wavelengths of about 300 
i nanometers to 1600 nanometers, wherein the force exerted by the adherent 
m the first substrate maintains the surface and transmission flatness, 
le multilayer article of claim 82, wherein the substrate is made from 
lass, silicon, polycarbonate, polymethylmethacrylate, acrylic, or any 
combination thereof. 



0$% 



85. THe multilayer article of claim 82, wherein the substrate has at least one 
hole for dispensing an adherent through the substrate. 

1 0 86. Tha multilayer article of claim 82, wherein the geometric form of the 
substrate may be square, rectangular, circular, or oval. 

87. The multilayer article of claim 82, wherein the substrate is about 25 
microttneters to about 3 millimeters in thickness. 

88. The multilayer article of claim 82, wherein the outer surface of the 
1 5 substrate contains a surface relief pattern. 

89. The mukilayer article of claim 82, wherein the inner surface of the 
substrateicontains a surface relief pattern or a diffractive grating. 

90. The multi^yer article of claim 82, wherein the substrate is an optical 
article. 

20 91. The multilayer article of claim 82, wherein the article is a polarizer, half 
wave plate, quarter wave plate, neutral density filter, birefringent plate, or 
diffractive optic. 
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92. 1 The multilayer article of claim 82, wherein the adherent is cured utilizing 
I thermal or radiation energy. 

93. \ The multilayer article of claim 82, wherein the multilayer article has a 

IStrehl value of 0.9 or greater. 

94. A multilayer article comprising: 
an article; 

a first layer of at least partially cured adherent, wherein the first layer of 
adherent ia disposed on a first surface of the article; 

a second layer of at least partially cured adherent, wherein the second 
layer of adherent is disposed on a second surface of the article, and the multilayer 
article has a surface flatness of about 0.05 waves/cm to about 1 wave/cm at 
wavelengths of about 300 nanometers to 1600 nanometers and a transmission 
flatness of about 0.05 waves/cm to about 1 wave/cm at wavelengths of about 300 
nanometers to 1 600 nanometers. 

95. The multilayer article of claim 94, wherein the article is a polarizer, half 
wave plata quarter wave plate, neutral density filter, birefiingent plate, or 
diffractive optic. 

96. The multilayer article of claim 94, wherein the adherent is cured utilizing 
thermal or radiation energy. 

97. The multilayer article of claim 94, wherein the multilayer article has a 
Strehl value of 0.9 or greater. 
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